Introduction
This paper will describe the surgical technique for the treatment of unstable distal radial fractures with use of the MICRONAIL Intramedullary Distal Radius System (Wright Medical Technology, Arlington, Tennessee).
There are a variety of options for treating unstable distal radial fractures, including closed reduction and casting, percutaneous pinning, external fixation, and open reduction and internal fixation (ORIF); each has its own advantages and potential complications [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Despite the increased utilization of locked volar plating, soft-tissue complications persist. Recently, intramedullary nailing has been introduced to minimize soft-tissue complications while providing stable internal fixation 18 .
With the MICRONAIL Intramedullary Distal Radius System (Fig. 1) , the nail is inserted through the radial styloid without cutting any muscle or the periosteum around the fracture site, thereby maintaining the vascular supply to the fracture fragments. This nail eventually resides within the medullary canal of the distal part of the radius and does not come into contact with the surrounding tendons. Three 2.5-mm diverging distal fixed-angle locking screws buttress the subchondral bone and provide stable fixation of the distal fragment to the nail. Two 2.7-mm proximal cortical screws are placed through the proximal part of the body of the nail and secure the nail to the shaft.
The surgical procedure involves five stages:
Step 1: Closed reduction and pinning
Step 2: Perform exposure and enter canal
Step 3: Insert nail and distal locking screws
Step 4: Insert proximal interlocking screws and close
Step 5: Postoperative management
Step 1: Closed Reduction and Pinning
The fracture must be adequately reduced and pinned prior to nail insertion.
• Perform the surgery with the patient supine and his or her arm extended on a radiolucent hand table. Use regional intravenous block, axillary block, or general anesthesia. Apply an upper-extremity tourniquet and use fluoroscopic assistance. Prepare and drape the arm in the usual manner.
• The fracture must be adequately reduced and pinned prior to nail insertion. To reestablish the volar tilt, insert a Kirschner wire manually into the fracture site from the dorsal-ulnar side. Use the Kirschner wire to lever the distal fragment to recreate normal volar tilt. Advance the wire proximally into the medullary canal of the radius.
• To correct the loss of the radial inclination and the radial length, insert another Kirschner wire into the fracture site from the volar-radial side by hand. Use this Kirschner wire as a lever and then advance it proximally into the medullary canal of the radius. If the fracture is not adequately reduced by this procedure, introduce a 2.5-mm (0.098-in) Kirschner wire percutaneously into the fracture site dorsally and use it as a lever to reduce the volar cortex ( Fig. 2 ).
• After the fracture has been accurately reduced, place a 1.6-mm (0.062-in) Kirschner wire along the ulnar column of the distal part of the radius to stabilize the reduction. Place all wires in a manner that avoids interference with nail placement (Figs. 3-A, 3-B, and 3-C).
Step 2: Perform Exposure and Enter Canal
Protect the branches of the superficial radial sensory nerve at all times.
• Make a 2-cm longitudinal skin incision centered over the radial styloid. Bluntly dissect through the subcutaneous tissue to identify and protect branches of the superficial radial sensory nerve ( Fig. 4 ). Continue the dissection down to the periosteum between the first and second dorsal compartments ( Fig. 5 ).
• Insert a guidewire into the radial styloid, 3 to 4 mm proximal to the radioscaphoid joint line. Make a cortical window at the tip of the radial styloid with a 6.1-mm cannulated drill over a guidewire to avoid injury to the articular surface of the radiocarpal joint (Figs. 6-A and 6-B).
• Introduce the awl through the cortical window into the medullary canal by hand (Figs. 7-A and 7-B). Keep the awl radial in the canal to avoid penetrating the ulnar cortex of the radial shaft.
• Insert trial nails sequentially until you achieve an adequate fit in the canal. Protect the branches of the superficial radial sensory nerve at all times during this process. Do not use the broach in order to avoid injury to branches of the superficial radial sensory nerve. The Kirschner wire inserted from the volar-radial side must sometimes be removed at this stage because of interference with the trial nails. Take care to maintain the fracture reduction during this entire process.
Step 3: Insert Nail and Distal Locking Screws
Insert the nail to a depth to place the most distal screw just proximal to the radiocarpal joint line; confirm fluoroscopically that the screw does not penetrate the articular surface.
• Insert the appropriately sized nail assembled on the insertion jig into the medullary canal following the path of the awl and sequential trial nails.
• Drill the hole for the most distal locking screw by hand power through the most distal guide on the jig. Confirm with fluoroscopy that the nail is of proper depth to place the most distal locking screw within the subchondral bone just proximal to the radiocarpal joint line (Figs. 8-A and 8-B). Place the jig parallel to the dorsal surface of the radius to avoid nail rotation. If the nail is rotated, the distal locking screw will be placed dorsally or volarly and may not adequately fix the distal fragment.
• Place three distal locking screws after drilling through the guides on the jig to lock the distal fragment to the nail. Confirm the length of the distal locking screws with a true distal radioulnar fluoroscopic view to avoid penetration of the articular surface of the distal radioulnar joint. Because of the semicircular nature of the sigmoid notch of the distal part of the radius at the distal radioulnar joint, routinely downsize the screws to avoid inadvertently violating the distal radioulnar joint.
Step 4: Insert Proximal Interlocking Screws and Close
Confirm that the proximal interlocking screws are bicortical for adequate fixation but are not too long.
• Make a 2-cm longitudinal skin incision approximately 1 cm proximal to Lister's tubercle.
• Drill the bicortical holes through the implant holes and insert two proximal interlocking screws using the insertion jig to secure the distal fragment-nail construct to the shaft fragment. Confirm that the proximal interlocking screws are bicortical for adequate fixation but are not too long (Figs. 9-A and 9-B). Remove all Kirschner wires (Figs. 10-A through 10-D).
• Assess the stability of the distal radioulnar joint, under direct vision, by translating the distal part of the radius manually in a dorsal and volar direction relative to the ulna following fixation.
• Close the retinaculum between the first and second dorsal compartments ( Fig. 11-A ). If closure is not possible, incise the retinaculum of the first dorsal compartment and close it leaving the abductor pollicis longus and extensor pollicis brevis tendons subcutaneous ( Fig.  11-B ). Perform standard skin closure.
Step 5: Postoperative Management
Use of a splint is followed by active and then passive range-of-motion exercises.
• Elevate the hand and encourage active motion of the digits immediately after surgery.
• Patients who have an extra-articular fracture without distal radioulnar joint instability wear a short-arm splint. After one week, the splint is removed and the patient begins active wrist range-of-motion exercises under the supervision of a therapist. Add passive range-ofmotion exercises at four weeks after surgery.
• When a patient has suspected distal radioulnar joint instability, an ulnar metaphyseal fracture, or an intra-articular fracture, immobilize the wrist in a sugar-tong splint for three weeks. This is followed by active wrist range-of-motion exercises. Add passive range-of-motion exercises at six weeks after the surgery.
• Protect the wrist in a prefabricated removable splint after removal of the short arm or sugartong splint. Patients can return to their activities of daily living using the splints as tolerated. The splint is removed, and strengthening exercises are started six weeks after surgery.
Results
We reported a prospective analysis of patients treated for an unstable distal radial fracture with an intramedullary nail 19 . Patients aged fifty and older with a dorsally displaced unstable distal radial fracture that was predominantly extra-articular or a simple intra-articular injury and was amenable to closed or percutaneous reduction were offered treatment with intramedullary nail fixation. Thirty-one patients were enrolled in the study, and twenty-nine patients with a mean age of sixty-seven years (range, fifty-one to eighty-five years) were available for a one-year follow-up evaluation. According to the Comprehensive Classification of Fractures of Long Bones (AO classification) 20 , there were one type-A2, twenty-four type-A3, and four type-C2 distal radial fractures. The patients were evaluated at six weeks, three months, six months, and one year after surgery. Outcome measures included standard radiographic parameters, active wrist range of motion, grip strength, a modified Mayo wrist score 21 , and the Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire 22 .
At the final one-year follow-up evaluation, the active range of motion of the injured wrist relative to that on the uninjured side averaged 95% for flexion, 95% for extension, 93% for ulnar deviation, 91% for radial deviation, 99% for pronation, and 99% for supination. The mean grip strength was 96% of the strength on the uninjured side. According to the modified Mayo wrist score, there were twenty excellent and nine good results. The mean DASH score was 4.8 points. The final radiographic measurements averaged 25° of radial inclination, 11° of volar tilt, 10 mm of radial length, and +1 mm of ulnar variance. Loss of reduction occurred in two patients. One patient developed a transient superficial radial sensory neuritis, which resolved within two months.
Preoperative and postoperative radiographs and clinical results of a patient with a dorsally displaced extra-articular distal radial fracture treated with an intramedullary nail are presented in Figs. 12-A through 12-F.
What To Watch For

Indications
• Unstable dorsally displaced distal radial fractures with no or simple coronal intra-articular extension that can be reduced by closed or percutaneous means.
Contraindications
• Partial intra-articular distal radial fractures.
• Volarly displaced distal radial fractures.
• Distal radial fractures with marginal rim, sagittal shear, or multiple displaced intra-articular fragments.
• Distal radial fractures not amenable to treatment with closed or percutaneous reduction techniques.
Pitfalls & Challenges
• Adequate closed fracture reduction is required prior to nail insertion. Unlike volar fixed-angle plating, which allows direct visualization and manipulation of fracture fragments and use of the plate as a reduction tool, further fracture reduction after nail insertion is not possible and the implant itself cannot be used as a reduction tool.
• All Kirschner wires used for closed reduction should be placed such that they do not interfere with nail placement.
• Branches of the superficial radial sensory nerve susceptible to injury must be carefully dissected and protected at all times.
• The proper depth of the nail should be confirmed with fluoroscopy; the nail should be placed so that the most distal locking screw is within the subchondral bone just proximal to the radiocarpal joint line.
• The length of the distal locking screw should be confirmed with fluoroscopy to ensure that it does not penetrate the articular surface of the distal radioulnar joint. A true distal radioulnar fluoroscopic view is necessary to confirm safe screw length.
• The proximal interlocking screws should be bicortical for adequate fixation but not too long.
Excessively long screws may result in softtissue irritation even though the nail is completely within the medullary canal.
• Intramedullary fixation might be vulnerable to volar displacement with rupture of the volar periosteum and volar cortical comminution. Volar displacement can be avoided with accurate reduction of the volar cortex and appropriate positioning of the distal locking screws.
Clinical Comments
• What techniques have been effective in reducing fractures percutaneously prior to nail insertion?
• Which soft tissue was difficult to manipulate or protect during the procedure?
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Figures
Fig. 9-A
The proximal interlocking screws are inserted with use of the insertion jig to secure the distal fragment-nail construct to the shaft fragment. Fig. 9 -B Fluoroscopy is used to confirm that the proximal interlocking screws are of proper length to be bicortical but they are not too long. Fig. 10-A Fig. 10-B Posteroanterior (Fig. 10-A) and lateral ( Fig. 10-B Fig. 11-B The retinaculum of the first dorsal compartment is incised and closed with the abductor pollicis longus (arrowhead) and extensor pollicis (long arrow) brevis tendons left subcutaneous. Fig. 12-A Fig. 12-B Posteroanterior (Fig. 12-A) and lateral ( Fig. 12-B) radiographs of a sixty-five-year-old woman, showing a dorsally displaced extra-articular fracture of the distal part of the radius. Fig. 12-C Fig. 12-D Posteroanterior (Fig. 12-C) and lateral ( Fig. 12-D) radiographs made immediately after intramedullary fixation. Fig. 12-E Fig. 12 -F Clinical photographs of the patient at one year after intramedullary fixation. . 10a, Fig. 10b   Fig. 10c, Fig. 10d Fig. 11a Fig. 11b  Fig. 12a, Fig. 12b  Fig. 12c, Fig. 12d 
